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1. INTRODUCTION 

NASA conducted the Cirrus Regional Study 
of Tropical Anvils and Cirrus Layers (CRYSTAL) 
Florida Area Cirrus Experiment (FACE) during 
July 2002 for improved understanding of tropical 
cirrus. O n e  of t h e  goals was to improve t h e  
understanding of cirrus generation by convective 
updrafts. The reasons  why s o m e  convective 
s torms produce extensive cirrus anvils is only 
partially related to convective instability and t h e  
vertical t ransport  ice m a s s  by updrafts. 
Convective microphysics must also have a n  
important role on  cirrus generation, for example, 
t h e r e  a r e  h y p o t h e s e s  that  homogeneous  
nucleation in convective updrafts is a major 
source of anvil ice particles. In this paper, w e  
report  o n  o n e  in tense  CRYSTAL- FACE 
convective case on 16 July 2002 that produced 
extensive anvil. 

During CRYSTAL-FACE,' u p  to 5 aircraft 
flying from low- to  high-altitudes, w e r e  
coordinated for t h e  s tudy of thunderstorm- 
generated cirrus. The NASA high-altitude (20 km) 
ER-2 aircraft with remote sensing objectives flew 
above t h e  convection, and other aircraft such as 

. - - below - - - - t h e  - ER-2. - - - The- ER-2 -re-mote sensing 
instruments included two nadir viewing airborne 
radars. The C R S  94 GHz radar (ti e t  al2004) and 
t h e  EDOP 9.6 GHz radar (Heymsfield e t  al. 1996) 
were flown together  for t h e  first time during 
CRYSTAL-FACE and they provided a unique 
opportunity to  examine t h e  structure of 16 July 

' case from a duallwavelength perspective. EDOP 
and C R S  a r e  complementary for studying 
convection and cirrus since CRS is more sensitive 
than EDOP for cirrus, and EDOP is considerably 
less attenuating in convective regions. In addtion 
to  the  aircraft, coordinated ground-based radar 
measurern_ents were taken with the NPOL S-Band 
(3 GHz) multiparameter radar. One of the  initial 

~. 

. 

goals was to determine whether dual-wvelength 
a i r b o r n e  m e a s u r e m e n t s  could ident i fy  
supercooled water regions. 

2. CONVECTIVE EVENT ON 16 JULY 2002 

The forecast for 16 July 2002 called for mid- 
afternoon convection along a synoptic-scale hand 
of low-level moisture convergence extending from 
an off-shore (Florida e a s t  coast)  disturbance 
across  the Florida peninsula. The KAMX (Miami) 
1200 UTC sounding indicated a moist lower layer 
(up to 1.5 krn) and a strong instability (CAPE of 
2598 J kg'), while t h e  0000 UTC sounding 
showed a CAPE of 2119 J kg-' with moderate 
directional wind shear (30P shear vector). Sea- 
breeze convection began shortly after 1600 UTC 
on the  eas t  coast  of Florida producing a strong 
thunderstorm north of t h e  KAMX radar. A region 
of inland convection began at 1845 UTC along an 
outflow boundary generated by t h e  a b o v e  
mentioned storm. The  convective system had 
many embedded cells, with s o m e  strong cells 
typical of those observed during the CRYSTAL- 
FACE flights on other days. Figure 1 shows the 3 
km and 8 km CAPPls from NPOL during o n e  of 
the  ER-2 passes. A particularly intense cell (Cell 

3 km attitude, and 55 dBZ a l 8 k m  altrtude. 

Figure 2 shows a height-time history of Cell 
2's madmum reflectivity constructed from NPOL 
CAPPI da ta .  T h e  cell underwent  rapid 
development prior to 1940 UTC and maximum 
radarderived storm top height was  at 1950 UTC. 
The peak reflectivity for this cell also occurred at  
1950 UTC with 62 dBZ a t  4 km altitude; this was 
about 5 min after the ER-2 pass  over the cell. The 
cell evolution presented in Fig. 2 is typical of 
convection evolution where a n  intense growth 
period is followed by a weakening of the updraft 
followed by descent of precipitation from higher 
altitudes. 
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ditterentiai reiieciiviiy (i,j wniours up tu abuui 3 
dB below ?he freezing level (5 km) are  typical for 
rain drops, and the near-zero a) values 
combined with >55 dBZ reflectivities above the 
freezing level are commonly observed in hail 
s torms (e.g.. Bringi e t  al. 1996). T h e  NPOL 
volume scan 10 min earlier at 1940 UTC was very 
different in that  t h e  enhanced  Z, region 
indicating the presence of liquid or mixed phase  
region, extended up to about 6-6.5 km altitude 
and the maximum refelctivities were 5 5  dBZ (not 
shown). If hail were present, strong updrafts 
would be required to loft particles to high altitudes. 
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Figure 3. Vertical reflectivity cross section at 1957 
U7C. Contours of Z,,, are superimposed. 

EDOP and CRS images covering Cell 2 at about 
1946 UTC is shown in Fig. 4. The EDOP 
reflectivity (middle panel) h a s  a downshear tiRed 
(toward west) reflectivity core that extends up to 
-12 km altitude. Because  of strong attenuation 
and Mie scattering a t  94 GHz, CRS reflectivity 
(top panel) is completely attenuated within 2-3 km 
penetration of t h e  high reflectivity core. T h e  
Doppler velocities bottom panel) show a strongly 
downshear tilted updraft with Doppler velocities 
exceeding 15 ms”. T h e  westward tilted updraft 
embedded in moderate environmental shear  is -2 
km in width. Because of Nyquist considerations 
and unfolding issues, CRS velocities (not shown) 
exceeded the  acceptable range of 4-15 ms-‘. . 

altfludes at 1941 UTC and 1951 UTC. Two larger 4.- -DLszussion: O b s e r v a t i o n s  of L a r g e  
cells are indicated The ER-2 flight track on 1941 
UTC CAPPI passes over Cell 2 at 1946 UTC. 

GraupeVHail 

The  ground-based NPOL measurements  
clearly point to the  presence of hail or large ice in 
Cell 2 What is of particular interest is the  extent 

5. of supercooled water and ice in the  updrafts and 2 10 

55 measurements. Individual radar profiles are 
examined in this preliminary study but will inwlve E 

further analysis and modeling in future w r k .  1 5  

15 

L what can be inferred from the dual-wavelength 

u, - 

0 Figure 5 s h o w s  vertical profiles of 
1 9 3  19140 ma0 2020 20:m EDOP/CRS dual wavelength measurements and 

derived properties a t  three locations in Cell 2’s 
updraft region (Fig. 4). In addition, we  have  

: s u o e r i m o o s e d  t h e  3 G H z  reflectivity 

Tone WITC) 
Figure 2. Reflectivity time history of Cell 2 derived 
from NPOL dafa 

3. DUAL WAVELENGTH OBSERVATIONS measurements from the NPOL radar even though 
the samoling volume is considerably different than 
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Figure 4. EDOP, CRS reflectivity and EDOP 
Doppler velocity for Cell 2 at -1946 UTC on 16 
July 2002. Doppler convection: positive 
(downward) and negative (upward). Vertical 
dashed /ines show locations of  profiles in fig- 5; 
arrows deoici hvdrometeor motions. The shear 
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vector is oriented from right to leff in the figure. 
Total cross section width K B . 5  km. 

t h e  downlooking measurements from EDOP and 
CRS. The westernmosi profile (left side) in Fg. 5 
is on  the downshear side of Cell 2's updraft. In 
constructing the  profiles, we have used Florida in 
sifv micrnphySiCa.1 measiirernents in oraIipel 
regions to derive relations to convert between 
EDOP 9.6 GHz reflectivity and  reflectivity- 
weighted fallspeed, 94 GHz attenuation, and 94 
GHz Mie effects (Fig. 6). These relations have 
used full Mie calculations. 

. .  
Cell 2's updraff is indicated by the shaded 

regions in Fig. 5 (middle row). The vertical air 
velocities were calculated by adding graupel 
reflectivity-weighted fall velocity (Fig. 6) to t h e  
EDOP Doppler velocities above 6 km altitude, and 
a rain fall velocity below 4 km altitude; air 

_ _  ~ - - 
. ... . . . . . - - - - - . . . - .  . Eigure 5. Vertical profiles derived from . 

EDOP and CRS data on 16 July 2002. Top row: 
EDOP, CRS, NPOL reflecfivily, CRS corrected for 
Mie scattering, CRS corrected for Mie scattering 
and graupel attenuation. Middle row: Vertical air 
motion derived from EDOP with assumed rain and 
graupel fallspeeds. Bottom row: DWR from raw 
reflectivity data and with CRS corrected for 
attenuation. 

velocities were not calculated near the freezing 
level. The tilted updraft in Cell 2 exceeds 20 ms-', 
as shown by peak vaiues at 11 km and 12.5 km 
altitudes in the  left two profiles. The  EDOP and 
NPOL reflectivity profiles indicate -40 dBZ 
extending up to 12.5 km altiiude, which is rather . 
high and further suggestive of haiL The CRS 
profiles show an extremely large decrease with 
aRiiude near the level of the updraft maximum, at 
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?he presence o! c!nuc! ’!!2?er, or, h) ??e preseflce 
of hail that will have larger Mie scattering and  
attenuation depending on its size distribution and  
characteristics (density, etc.). The  presence of 
supercooled water would b e  highly attenuating at 
94 GHz if the amounts were greater than 0.5 gm? 
for example. In support of the presence of hail, 
the  reflectivity and vertical motion observations 
suggest that ice hydrometeors are falling from 
approximately the  1 2  km level where t h e  updraft 
magnitude is -20 ms”. At the 12 km altitude, fall 
velo_cities of 20 ms-’ would imply hail dimensions 
of about 1-1.5 c m  depending o n  the type of hail 
(Knight and Heyrnsfield 1983). This would dear ly  
be  out t h e  the range of the  graupel calculations 
assumed in constructing Fig. 6. On the  other 
hand, supercooled cloud water must b e  present in 
the  updraft in order for large graupel or hail to 
grow. Considering that t h e  -35 C level is in t h e  
range of 10-11 km altitude.in a rising updraft 
parcel, this is fully within reason. Future work will 
focus o n  providing a consistent picture of t h e  
relation between fhe updrafts, particle growth, and  
the remote measurements. 
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Figure 6. Rel ions derived for 9.6 and 94 G W  
based on Florida in situ measurements of oramel 
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